Background: It is well known that HOX transcript antisense intergenic ribonucleic acid (HOTAIR) plays an important role in breast cancer (BC). However, whether circulating HOTAIR in plasma could be used for BC diagnosis and dynamic monitoring are unclear.
Introduction
Breast cancer (BC) is the most common type of malignant tumor, is the leading cause of death, and has the highest incidence rate of new cancers in women. 1 As there are no obvious symptoms in early stages, a large number of patients are diagnosed in middle and terminal stages, with poor prognosis and poor treatment effect. Therefore, early diagnosis and therapy are key measures to decrease BC mortality. Although some traditional markers are used for the early screening and prognostic monitoring of BC, such as cancer antigen (CA)15-3 and carcinoembryonic antigen (CEA), their diagnostic value is limited because of lower sensitivity and specificity. 2 Therefore, determining the ideal biomarker for BC is essential for early diagnosis and treatment.
Long non-coding ribonucleic acids (lncRNAs) are RNAs longer than 200 nucleotides in length without the capability of encoding protein. There has been great interest in lncRNAs in the last few years as they play a crucial role in biological regulation and disease occurrence. 3, 4 HOX transcript antisense intergenic RNA (HOTAIR) is a polyadenylated RNA with 2158 nucleotides and six exons. It has been demonstrated that HOTAIR can promote chromatin relocalization through Polycomb-repressive complex 2 (PRC2), contributing to the carcinogenesis of BC. 5 According to a preliminary study, HOTAIR expression is significantly increased in BC tissue. A high level of HOTAIR promotes cell invasion and metastasis of BC, which seems to indicate a poor prognosis. 6 In addition, HOTAIR could upregulate calcium-binding protein (CaBP) S100A4 and couple estrogen receptor1 (GPER1) by interacting with micro RNA (miR)-568 and miR-148a to accelerate tumor progression. 7, 8 Recently, a study found that serum HOTAIR was significantly increased in BC patients, which could be regarded as a potential diagnostic marker of early stage. 9 However, the detection HOTAIR expression in plasma or serum as a biomarker for diagnosis and dynamic monitoring is infrequent.
In the current study, we detected the expression of HOTAIR in the plasma of BC patients and examined its association with clinical features to determine its proficiency as a biomarker for BC.
Methods

Patients and samples
In this study, we employed BC patients and age and gender matched healthy volunteers at the Affiliated Hospital of Southwest Medical University from January 2014 to September 2015. Thirty paired tissue samples (tumor tissue and matched adjacent non-tumorous tissue) were obtained from surgeries. Blood samples were collected from BC patients and healthy volunteers, including 88 preoperative BC (including 79 infiltrating ductal carcinoma, 7 ductal carcinoma, and 2 mucinous carcinoma), 100 healthy, and 30 paired blood samples (preoperative and postoperative blood in 7 days after surgery). None of the patients had received any clinical treatment before sample collection and each specimen was confirmed as BC by histopathological examination. The age and gender matched healthy volunteers had not been exposed to any disease or injury. The Ethical Review Committee of the Affiliated Hospital of Southwest Medical University approved the study protocol and all of the participants provided informed consent. The tumor and corresponding non-cancerous tissues were immediately soaked in liquid nitrogen and then stored at −80 C. Peripheral blood samples were collected in ethylenediaminetetraacetic acid-2K vacutainer tubes and centrifuged at 1500 g for 10 minutes. The supernatant was then transferred into RNAse free tubes and stored at −80 C.
Ribonucleic acid (RNA) extraction and quantitative real-time polymerase chain reaction
Total RNA from tissues (50 mg) was isolated by Trizol Reagent (TaKaRa, Tokyo, Japan) and plasma samples (200 μL) were isolated using the Blood Total RNA Rapid Extraction Kit (BioTeke, China). Total RNAs were then reverse transcribed using a PrimeScriptRT Reagent Kit with gDNA Eraser (TaKaRa) following the manufacturer's protocol. HOTAIR expression was measured by real timepolymerase chain reaction (RT-PCR) using SYBR Green assays (Takara) in a 7500 Fast Real-Time PCR System (Applied Biosystems, Foster City, CA, USA). β-actin was used to normalize the relative levels of lncRNA. Primers were designed with Primer 5, synthesized by Sangon Biotech (Shanghai, China), and sequenced as follows:
0 -TCCTCTCCCAAGCCACACA-3 0 (forward) and 5 0 -GCACGAAGGCTCATCATTCA-3 0 (reverse) for β-actin. The relative expression was calculated using 2 − ΔΔCt methods. 10 
Detection of serological tumor marker
The levels of CA15-3 and CEA were measured using electro-chemiluminescence immunoassay in Roche cobas e 601 (Roche, Basel, Switzerland).
Statistical analysis
Data were compared by Mann-Whitney U test to distinguish significant differences between the two groups. A receiver operating characteristic (ROC) curve was established to evaluate the diagnostic value for discriminating between BC patients and healthy controls. All statistical analyses were performed using SPSS version 22.0 (IBM Corp., Armonk, NY, USA) and P < 0.05 was considered statistically significant.
Results
Expression of HOX transcript antisense intergenic RNA (HOTAIR) in breast cancer (BC) plasma
We performed quantitative RT-PCR to analyze 30 pairs of tissues to validate HOTAIR expression in BC tissues. The levels of HOTAIR expression in tumor tissues were higher than in adjacent non-cancerous tissues (Fig 1, P = 0.002 ). Further, we tested HOTAIR expression levels in plasma samples from 88 BC patients and 100 healthy controls and found that levels were significantly increased in BC samples (Fig 2, P < 0 .0001).
Correlation between HOTAIR expression in plasma and clinical features in BC patients
To evaluate the association of HOTAIR expression in plasma with BC development, we analyzed its relationship with clinical features. As shown in Table 1 , HOTAIR expression significantly correlated with lymph node metastasis (P = 0.018), estrogen receptor (ER; P = 0.012), cerbB-2 (P = 0.006) and triple positive (P = 0.015). However, there was no marked difference in statistics between HOTAIR levels and clinical characteristics in tumor node metastasis stage, age or Ki-67.
Evaluation of the diagnostic value of plasma HOTAIR as a potential biomarker for BC
In order to evaluate HOTAIR in plasma as a potential diagnostic biomarker for BC, an ROC curve was performed to evaluate the diagnostic value of plasma CEA, CA15-3, and HOTAIR from 88 patients with BC and 100 controls. The results demonstrated that the diagnostic power of HOTAIR (area under the ROC curve [AUC] = 0.80; sensitivity 69.2%; specificity 93.3%) is higher than CEA (AUC = 0.50; sensitivity 65.4%; specificity 50.0%) and CA15-3 (AUC = 0.65; sensitivity 73.1%; specificity 60.0%), which indicated that HOTAIR had the strongest ability to distinguish BC from healthy individuals. Moreover, combined detection of the three plasma indexes could enhance the diagnostic power (AUC = 0.82; sensitivity 73.1%; specificity 90.0%), as shown in Fig 3 and Table 2 .
Assessment of HOTAIR value for monitoring tumor dynamics in BC patients
The expression levels of HOTAIR were analyzed in 30 paired preoperative and postoperative plasma samples from BC patients. HOTAIR expression levels were remarkably reduced in the postoperative samples (P = 0.029; Fig 4) . Moreover, we conducted Pearson correlation analysis to explore the correlation between levels of HOTAIR expression in plasma and in the corresponding tissues of the same patients. A moderate correlation was observed for HOTAIR (r = 0.68; p < 0.0001; Fig 5) .
Discussion
Breast cancer has the highest incidence and morbidity of all female cancers in China. 11 However, there is a lack of non-invasive and early indicators for BC screening. Increasing studies have revealed that circulating nucleic acid (CNA) extensively exists in human fluid, such as blood, urine, and cerebrospinal fluid, and detection of CNA in plasma or serum may act as a biomarker for diagnosis and dynamic monitoring for cancer, including BC. [12] [13] [14] Numerous studies have focused on miRNAs as potential tumor biomarkers for cancer diagnosis and prognosis prediction. [15] [16] [17] However, few studies have investigated the diagnostic value of plasma lncRNAs in BC and, particularly, the value of tumor monitoring has never been studied.
HOX transcript antisense intergenic RNA, first identified in 2007, is transcribed from the HOXC locus but represses expression of the distal HOXD locus and genes on other chromosomes. 5 It is one of the first lncRNAs reported to be associated with cancer. 18 Increasing evidence indicates that HOTAIR is overexpressed in several types of malignancies, including liver, gastric, and breast cancers. [19] [20] [21] A high level of HOTAIR expression in primary breast tumors is a prospective predictor of subsequent metastasis. In this study, we found that the expression levels of HOTAIR, not only in tissues but also in plasma, were obviously higher than those in controls. High expression levels of HOTAIR in patients with BC were associated with lymph node metastasis (P = 0.018), ER (P = 0.012), and c-erbB-2 (P = 0.006). It is well known that the ER expression is an important component of the occurrence and development of BC. 22 ER levels greatly affect clinical efficacy and even often lead to the failure of clinical BC treatment. 23 HOTAIR promoter contains multiple functional estrogen response elements (EREs). Studies have demonstrated that ER, along with ER regulators, could bind to the promoter of HOTAIR to enhance HOTAIR expression in cells. 24 Previous studies have suggested that HOTAIR is upregulated in ER-positive BC and could drive an estrogen-independent ER transcriptional program. 25 Another study revealed that HOTAIR is an independent prognostic marker of metastasis in primary ER-positive BC patients. 26 In our study, the expression level of plasma HOTAIR in ER-negative patients was far lower than in ER-positive patients. This result confirmed the relationship between HOTAIR expression and ER-positivity. Conversely, Gökmen-Polar et al. found that the prognostic role of HOTAIR expression is restricted to ER-negative BC. 27 Thus, further research to explore the relationship between ER and HOTAIR must be conducted.
Tumor metastasis is the main characteristic of malignant tumors and is a significant cause of death in most cancer patients. It has been demonstrated that high levels of HOTAIR tissue promote BC metastasis, which indicates poor prognosis.
6 C-erbB-2 (Her-2/neu) is a member of the epidermal growth factor family; C-erbB-2 (Her-2/neu) overexpression in BC has been shown to correlate with a poor prognosis. C-erbB-2 is amplified multiple times in 30% of human BC and its concentrations are related with disease behavior. 28, 29 Thor et al. found that 12% of c-cerbB-2-positive patients with BC were associated with more aggressive tumors and worse lymph node metastasis. 30 Our results revealed that plasma HOTAIR was associated with lymph node metastasis and c-cerbB-2 status; thus, it may be a potential marker for lymph node metastasis.
We also assessed the ability of HOTAIR, CEA, and CA15-3 to distinguish BC from normal individuals in 88 patients that were newly diagnosed and 100 healthy donors. Our results demonstrated that HOTAIR provided the highest diagnostic capability for detection of BC (AUC = 0.80; sensitivity 69.2%; specificity 93.3%), which suggested that plasma HOTAIR could serve as a promising marker for BC detection. The use of the three plasma biomarkers in combination could improve differential diagnosis between BC patients and healthy controls compared with the use of HOTAIR alone (AUC = 0.82; sensitivity 73.1%; specificity 90.0%). The combined application of various detecting indexes may increase the BC detection rate.
Circulating nucleic acids are believed to result from apoptosis, and necrotic tumor cells from the tumor microenvironment release nucleic acids into the blood; circulating HOTAIR in the plasma of BC patients is unknown. 31, 32 Zhou et al. showed that lncRNA H19 expression in plasma was overexpressed in preoperative compared with postoperative gastric cancer patients and found a correlation between H19 expression levels in tissue and plasma. 33 Similarly, we explored 30 paired preoperative and postoperative plasma samples and analyzed the correlation between HOTAIR expression in tumor tissue and in plasma. Our results determined that concentrations of plasma HOTAIR were significantly reduced in postoperative patients. There was a medium correlation between tissue and plasma HOTAIR levels. These findings demonstrate that HOTAIR expression in plasma may be a biomarker for monitoring tumor status.
In summary, our results showed that HOTAIR expression was significantly upregulated in both BC tissues and plasma. Furthermore, increased expression was associated with ER, c-erbB-2, and lymph node metastasis. The diagnostic capability of HOTAIR for BC detection is the most powerful among the three markers. At present, invasive biopsies, in which specimens are difficult to obtain and may induce the spread of cancer cells, are performed to diagnose BC. By contrast, the detection of plasma HOTAIR expression is a non-invasive procedure that has high sensitivity and specificity and also correlates with BC oncogenesis and metastasis. Our results indicate that HOTAIR may serve as a potential biomarker for BC.
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